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ABSTRACT 

Objective: To assess the prevalence and risk factors 
of gestational diabetes mellitus (GDM) in a population 
known to have a high prevalence of abnormal glucose 
metabolism. 

Methods: A household random population-based 
cross-sectional study of 13 627 women in the 
childbearing age, who were subjected to fasting 
plasma glucose if they were not known to have been 
diagnosed before with any type of diabetes. GDM 
cases were diagnosed using the International 
Association of Diabetes and Pregnancy Study Group 
(IAPSG) criteria. 

Results: The overall GDM prevalence was 36.6%, 
categorised into 32.4% new cases and 4.2% known 
cases. Another 3.6% had preconception type 1 or 2 
diabetes. GDM cases were older and had a significantly 
higher body mass index, in addition to a higher rate of 
macrocosmic baby and history of GDM. Monthly 
income, educational level, living in urban areas and 
smoking were not found to be significantly different 
between normal and GDM cases. The most important 
and significant risk factors for GDM were history of 
GDM, macrosomic baby, obesity and age >30 years. 
However, hypertension, low high-density lipoprotein, 
family history of diabetes and increased triglycerides 
did not show any significant effect on GDM prevalence 
in this cohort. 

Conclusions: This society is facing a real burden of 
abnormal glucose metabolism during pregnancy, 
where almost half of the pregnant women are 
subjected to maternal and neonatal complications. 
Early screening of pregnant women, especially those at 
a high risk for GDM, is mandatory to identify and 
manage those cases. 



INTRODUCTION 

Ever since gestational diabetes mellitus 
(GDM) was first recognised in 1967, 1 it has 
been the primary focus of interest for clini- 
cians and scientists, due to its increased risk 
of fetal macrosomia, neonatal hypoglycaemia, 
jaundice, polycythaemia, hypocalcaemia, and 



Strengths and limitations of this study 



■ Our study is a community household-based 
study seeking cases with abnormal glucose 
metabolism among pregnant women in a 
country ranked the seventh worldwide in terms 
of diabetes prevalence. 

■ The new International Association of Diabetes and 
Pregnancy Study Group (IAPSG) criteria were 
used to screen for gestational diabetes mellitus 
(GDM) cases at a community setup rather than 
hospital based, especially when there are a limited 
number of studies that have used these criteria. 

■ The studied cohort is unique because of its swift 
socioeconomic transition observed in the Saudi 
society that gives a good setup to assess differ- 
ent modifiable and non-modifiable risk factors 
for GDM and to compare this with other 
ethnicities. 

■ One of the limitations of this study was the use 
of fasting plasma glucose (FPG) that was found 
to have lower sensitivity when compared with 
the oral glucose tolerance test (OGTT), although 
it has been recently recommended by the 
American Diabetes Association (ADA) in 2011 
for GDM screening. 



also its increased frequency of maternal 
hypertensive disorders with the need for 
cesarean deliveries. 2 GDM, an asymptomatic 
disorder, is defined as glucose intolerance 
with the onset or its first recognition during 
pregnancy. It is the most common metabolic 
disorder accounting for almost 90% of all dia- 
betes cases during pregnancy, and has been 
found to be present in approximately 7% of 
all pregnant women. 3 Moreover, mothers with 
a history of GDM are at a greater risk of devel- 
oping type 1 diabetes (5-10%) 4 or type 2 dia- 
betes (over 70%), 5 while their offspring are 
more likely to be obese or to suffer from dia- 
betes in their later life. 6 The global preva- 
lence of GDM ranges between 1% and 14% 
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depending on the population studied and the diagnostic 
tests used. 3 The prevalence estimates for GDM in 2007 
were the following: 11.6% for Asian Indians, 10% for 
Vietnamese, 9.8% for Pacific Islanders and 7.9% for East 
Asians and while it ranged from 4% to 6% for Hispanics, 
it was found to be 4% in non-Hispanic African-Americans 
and 4.7% in non-Hispanic Caucasians. 7 

Even though a hospital-based study among Saudi 
women using the National Diabetes Data Group 
(NDDG) criteria 8 showed the GDM prevalence to be 
12.5%, no community-based study has been undertaken 
to look into the extent of this medical problem in the 
Kingdom of Saudi Arabia even after knowing that the 
risk factors of GDM are highly prevalent in this society. 

During the childbearing period, women are subjected 
to increased risk of abnormal glucose metabolism with 
the progression of age and other general risk factors 
including obesity and physical inactivity. Several repro- 
ductive risk factors, namely parity, the presence of poly- 
cystic ovary, the history of GDM, macrosomic baby 
>4.5 kg, and the use of contraceptive drugs, have been 
found to significantly increase the risk of abnormal 
glucose metabolism in this group of women. 9 10 

Based on the Hyperglycemia and Adverse Pregnancy 
Outcome (HAPO) study results, the International 
Association of Diabetes and Pregnancy Study Group 
(IADPSG) recommended lowering the fasting plasma 
glucose threshold for the GDM diagnosis to >92 mg/ dL 
(5.1 mmol/L), 11 which was also adopted by the 
American Diabetes Association (ADA) in 2011. 12 These 
new diagnostic criteria, as expected, resulted in a signifi- 
cant increase in GDM prevalence in many countries, 13-15 
where it had increased from 10.3% to 30.1% in 
Mexicans 15 while reaching up to 30.5% and 37.7% in 
Norway and UAE. 16 17 

The aim of the present study was to investigate the 
prevalence of different abnormal glucose conditions 



among pregnant women in the Kingdom of Saudi 
Arabia. The prevalence of GDM and its different risk 
factors were also investigated using the new IADPSG 
diagnostic criteria. 

METHODS 

The Saudi Abnormal Glucose Metabolism and Diabetes 
Impact Study (SAUDI-DM study) is a household random 
population-based cross-sectional study conducted at a 
national level in the Kingdom of Saudi Arabia during 
the period 2007-2009. After adjusting for age, gender 
and geographical distribution according to the 2007 
census, a total of 53 370 participants were used for the 
assessment of different states of abnormal glucose 
metabolism. Of those participants, 13 627 participants 
were found to be women in their childbearing age (18- 
49 years) as shown in figure 1, and among those women 
participants, 549 participants were found to be pregnant 
in different trimesters confirmed by their pregnancy 
tests, who represented 4% of the total women partici- 
pants' cohort. All the SAUDI-DM participants gave their 
consent to participate and were subjected to interviews. 
Clinical assessment of the participants, which included 
pregnant women, where their clinical data including 
age, family history of diabetes, history of GDM and 
macrosomic baby, educational level, monthly income, 
smoking status, and residency area were all collected by 
specially trained primary care physicians from the 13 
official regions. The anthropometric parameters includ- 
ing weight, height, body mass index (BMI), waist-to-hip 
ratio and blood pressure were all measured by trained 
nurses. 

Pregnant women who were not known to be suffering 
from diabetes were tested for FPG and lipids profile 
after overnight fasting for at least 10 h and 3 days of 
usual activity and diet. Using the IADPSG criteria, 



13,627 participant women 

All women aged 1 8 to 49 years from the 
community adjusted cohort of SAUDI DM 
study. 



13,078 (96%) Non-pregnant women 

Pregnancy excluded by history. 



549 (4.0%) Pregnant women 

Pregnant confirmed by pregnancy test. 



i 

43 (7.8%) Known diabetics: 

4 patients (9.3%) with type 1 diabetes. 
16 patients (37.2%) with type 2 diabetes. 
23 patients (53.5%) with known GDM. 



221 (40.2%) Total diabetic cases 



506 (92.2%) Not known to be diabetics: 

Screened with FPG using 201 1 ADA 
criteria of >92 mg/dL (>5.1 mmol/L). 



X 



178 (32.4%) 
Participants New 
GDM cases 



1 



328 (77.6%) Participants 
with normal fasting 
plasma glucose level 



Figure 1 Sample selection of childbearing age pregnant women from of the Saudi Abnormal Glucose Metabolism and Diabetes 
Impact Study (SAUDI-DM) cohort classified according to abnormal glucose metabolism status. 



2 



Al-Rubeaan K, etal. BMJ Open 2014;4:e005906. doi:1 0.1 136/bmjopen-201 4-005906 



e 



Open Access 



pregnant women were diagnosed with GDM if FPG was 
>92 mg/dL (5.1 mmol/L). 

All the blood samples collected using vacuum tubes 
containing sodium fluoride were transported to the 
Strategic Center for Diabetes Research laboratory in 
Riyadh. Blood glucose assessment was performed using 
the glucose oxidase-peroxidase methodology, serum 
cholesterol assessment was performed using the choles- 
terol oxidase-peroxidase methodology, and high-density 
lipoprotein (HDL), low-density lipoprotein and triglycer- 
ide assessments were performed using the direct glycero- 
kinase oxidase-peroxidase methodology as provided by 
Mindray (B5BS-200) chemistry analyser reagent (China). 

Statistical analysis 

All data were analysed using SPSS V.17. Descriptive ana- 
lyses and frequency tables were performed using this 
programme for all variables. The % 2 test was used for cat- 
egorical variables, while the t test was used for continu- 
ous variables. OR with 95% CI were used for assessing 
the risk factor using univariate analysis, p Value of <0.05 
was used as the level of significance. 

RESULTS 

Table 1 describes the characteristics of the study popula- 
tion. Of the selected cohort containing Saudi pregnant 
women, 43 participants were women with known diabetes 



(7.8%), of which 4 participants (9.3%) were found to be 
patients with type 1 diabetes, 16 participants (37.2%) 
were found to be patients with type 2 diabetes, and 23 
participants (53.5%) were found to be with GDM. And 
among the remaining 506 women not known to be suffer- 
ing from diabetes, 178 (32.4%) were found to be new 
GDM cases. The studied cohort was divided into three 
age groups: the first group is between 18 and 29 years of 
age with a total number of 264 (48.1%). The second age 
group is between 30 and 39 years, totalling to 212 
(38.6%), while the third group is between 40 and 
49 years with a total number of 73 (13.3%) . 

When comparing the clinical characteristics of GDM 
cases with the clinical characteristics of pregnant women 
without diabetes, the GDM cases were found to be sig- 
nificantly older (33.26±7.63 years) (p<0.0001) and more 
obese as presented by their body weight (73.94 
±14.83 kg) and BMI (30.27±5.57 kg/m 2 ) (p<0.0001). 
There was no significant difference between the two 
groups in their mean height and waist-to-hip ratio 
(p=0.176). The GDM cases had a significantly higher 
mean systolic blood pressure (SBP) at 114.02 
±11.61 mm Hg (p=0.002) and a low diastolic blood pres- 
sure at 72.71±8.81 mm Hg (p=0.160). And as expected, 
the mean FPG was found to be significantly higher in 
GDM cases at 6.55 (±2.21) mmol/L when compared 
with the mean FPG of the normal women at 4.21 
±0.65 mmol/L (p<0.0001). Lipids showed no significant 



Table 1 Baseline clinical and biochemical characteristics of the selected cohort, newly diagnosed gestational diabetes 
mellitus (GDM) and normoglycaemic pregnant participants 



Normal (n=328) GDM (n=201 ) p Value* 



Mean participant age in years (±SD) 


29.63 


(±7.53) 


33.26 


(±7.72) 


<0.0001 


Mean weight in kg (±SD) 


67.11 


(±13.55) 


73.94 


(±14.83) 


<0.0001 


Mean height in cm (±SD) 


154.98 


(±5.42) 


156.37 


(±6.97) 


0.057 


Mean BMI=kg/m 2 (±SD) 


27.97 


(±5.37) 


30.27 


(±5.57) 


<0.0001 


Mean waist/hip ratio (±SD) 


0.89 


(±0.14) 


0.87 


(±0.14) 


0.176 


Mean systolic blood pressure, mm Hg (±SD) 


110.03 


(±10.84) 


114.02 


(±11.61) 


0.002 


Mean diastolic blood pressure, mm Hg (±SD) 


71.34 


(±8.32) 


72.71 


(±8.81) 


0.160 


Mean fasting plasma glucose, mmol/L (±SD) 


4.21 


(±0.65) 


6.55 


(±2.21) 


<0.0001 


Mean total cholesterol, mmol/L (±SD) 


5.58 


(±1 .29) 


5.41 


(±1.32) 


0.278 


Mean HDL cholesterol, mmol/L (±SD) 


1.15 


(±0.32) 


1.07 


(±0.32) 


0.025 


Mean LDL cholesterol, mmol/L (±SD) 


3.57 


(±1 .05) 


3.52 


(±1.16) 


0.704 


Mean triglycerides, mmol/L (±SD) 


1.81 


(±0.94) 


1.84 


(±0.95) 


0.778 


Number with family history of diabetes (%) 


157 


(47.87) 


103 


(51.24) 


0.451 


Number with history of gestational diabetes (%) 


12 


(3.66) 


26 


(12.94) 


<0.0001 


Number with history of macrosomia (%) 


12 


(3.66) 


23 


(1 1 .44) 


<0.0001 


Number of illiterate participants (%) 


74 


(22.56) 


35 


(17.41) 


0.155 


Number with less than high school education (%) 


113 


(34.45) 


78 


(38.81) 


0.311 


Number with more than high school education (%) 


141 


(42.99) 


88 


(43.78) 


0.858 


Number with monthly income <4000 SRt (%) 


153 


(46.65) 


73 


(36.32) 


0.020 


Number with monthly income 4000-8000 SRt (%) 


97 


(29.67) 


69 


(34.33) 


0.253 


Number with monthly income >8000 SRt (%) 


78 


(23.78) 


59 


(29.35) 


0.156 


Number of smoking participants (%) 


4 


(1.22) 


2 


(1.00) 


0.811 


Number of participants living in urban areast (%) 


213 


(64.94) 


135 


(67.16) 


0.601 



*p Value was calculated as difference between normal and GDM cases. 
tSaudi Riyal (SR) is equivalent to US$0,267. 

tAccording to the definition given by the Ministry of Municipal and Rural Affairs. 
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18-29 yrs 



30-39yrs 40-49yrs 

Age group 



Figure 2 The prevalence of abnormal glucose metabolism in 
pregnant Saudi women aged 18-49 years. 

difference between the two groups with the exception of 
mean HDL, which was found to be lower in the GDM 
cases at 1.07±0.32 mmol/L when compared with the 
mean HDL for normal women at 1.15±0. 32 mmol/L 
(p=0.025). The percentage of women with positive 
family history of diabetes was not found to be signifi- 
cantly different between the GDM cases and normal 
women (p=0.451), while it was found to be significantly 
higher for the history of GDM and macrocosmic baby 
>4.5kg among GDM cases at 12.49% vs 3.66% 
(p<0.0001) and 11.44% vs 3.66% (p<0.0001), respect- 
ively, when compared with normal women. Educational 
level showed no significant difference in percentage 
between the two groups, while the percentage of women 
with monthly income <4000 SR was found to be signifi- 
cantly higher among normal women (p=0.02). Smoking 
or living in urban areas also showed no significant differ- 
ence between the two groups (p=0.811 and p=0.601). 

Figure 2 demonstrates the prevalence of different 
types of abnormal glucose metabolism in the selected 
cohort of Saudi pregnant women aged 18-49 years. Type 
1 diabetes was found in 0.7% of the total sample, while 
type 2 was reported in 2.9% of the total sample. 4.2% of 



the total sample were known cases of GDM and 32.4% 
of the total sample were newly discovered GDM cases. 
The overall prevalence of abnormal glucose metabolism 
showed an age specific increase with a significant differ- 
ence from 31.8% to 43.9% and 60.3% in the age groups 
18-29, 30-39 and 40-49 years respectively. The preva- 
lence of newly discovered GDM cases showed an 
increase from 28.0% to 35.4% and 39.7% in the three 
groups, respectively. This was also observed in the preva- 
lence of known GDM cases from 1.9% in the age group 
18-29 years to 4.7% in the age group 30-39 years and 
peaking at 11% in the age group 40-49 years. The preva- 
lence of known patients with type 1 and 2 diabetes was 
0.8% and 1.1% for the age group 18-29 years, 0.5% and 
3.3% for the age group 30-39 years and 1.4% and 8.2% 
for the age group 40-49 years. The ratio of known to 
unknown GDM cases was calculated to bel:15, 1:8 and 
1:4 for the age groups 18-29, 30-39 and 40-49 years, 
respectively. 

Figure 3 shows the OR (95% CI) , where the history of 
GDM was found to be a highly significant risk factor 
with OR 3.91 (95% CI) (1.93 to 7.95) (p<0.0001). It was 
followed by the history of macrosomic baby weighing 
>4.5kg that had OR (95% CI) of 3.40 (1.65 to 7.00) 
(p<0.0001). Obesity was the third significant risk factor 
with OR (95% CI) 2.50 (1.35 to 4.60) followed by age 
>30 years, where the OR (95% CI) was 2.00 (1.26 to 
3.18), both with a significant p value (p=0.003). Other 
risk factors, which include hypertension, low HDL, and 
family history of diabetes, showed a non-significant 
increased risk for GDM presented by OR (95% CI) 
(1.50 (0.47 to 4.75), 1.34 (0.76 to 2.36), and 1.15 (0.81 
to 1.63)), respectively. Lastly, the high triglycerides 
showed no significant risk for GDM. 

DISCUSSION 

This study investigated the occurrence of abnormal 
glucose metabolism during pregnancy using a 
community-based rather than a traditional hospital based 
setup. A study with this setup provides a better image of 
the extent of this medical problem, especially when using 
the new diagnostic criteria to identify GDM cases at a 
community level. This study shows the importance of 



Figure 3 OR for gestational 
diabetes mellitus risk factors 
among Saudi pregnant 
participants. 



Variable 



Odds Ratio of Different Risk factors of GDM among pregnant participants 
Odds Ratio(95%CI) P-value 



Past Hx of GDM 3.91(1.93-7.95) 
Past Hx of Macrosomia 3.40(1 .65-7.00) 



Obesity 
3 Age>30 years 

TO 

HTN 

in 

£ Low HDL 

Family Hx of DM 
High TG 



2.50(1.35-4.60) 
2.00(1.26-3.18) 
1.50(0.47-4.75) 
1.34(0.76-2.36) 
1.15(0.81-1.63) 
1.00(0.62-1.61) 



<0.0001 

<0.0001 

0.003 

0.003 

0.492 

0.379 

0.451 

0.992 
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subjecting women to GDM screening, particularly when 
it is known that only 4.2% of pregnant women were 
picked up by the health system (known GDM cases) . The 
current survey picked up another 32.4% of GDM cases; 
this would mean that only one of every nine GDM cases 
was detected by the antenatal screening, which also 
clearly demonstrates that there are many undiagnosed 
GDM cases at the community level. Another crucial 
finding of this study was that the overall GDM prevalence 
was 36.6%, threefold higher than what was reported 
earlier, 8 but similar to the findings of studies from other 
ethnicities using these criteria, 15 which is most likely due 
to the lower cut-off value of the new criteria used and the 
high prevalence of overweight and obesity reflected by a 
high mean BMI in the studied cohort. This may be 
coupled with the fact that such a community-based study 
would identify more GDM cases, especially in a society 
where diabetes prevalence is found to be increasing over 
the past three decades. 18 The patients with pre-existing 
types 1 and 2 diabetes in this study represent 3.6% of all 
pregnancies, which was three times more than what had 
been reported in North America 19 and is most likely a 
reflection of the high prevalence of abnormal glucose 
metabolism in our population. 

This studied cohort showed that the mean age for 
GDM Saudi pregnant women was higher than what had 
been earlier reported in other studies involving the 
Chinese and Indian populations, 20 21 which could be the 
result of cultural factors that encourage women to get 
pregnant even at an older age, in addition to high 
parity. 22 This may also have contributed to the higher 
prevalence of GDM in this cohort with the mean age of 
GDM cases found to be significantly higher than the 
normal cases. Another explanation for the higher preva- 
lence of GDM in our cohort is provided by the presence 
of high mean BMI when compared with the studies 
involving Caucasian and Asian populations. 23 24 More 
than 50% of GDM cases had a family history of diabetes 
that was not significantly different from normal cases and 
this could be explained by the high prevalence of dia- 
betes and high consanguinity rates in our society. 25 As 
expected and seen from other studies, 21 26 the history of 
GDM and macrosomic baby was found to be higher in 
GDM cases than in normal pregnant women, where it 
was almost four times higher in our GDM cohort. 
Neither education nor monthly income showed any sig- 
nificant increase in GDM cases, with the exception of 
monthly income less than 4000 SR that was found to be 
associated with a decreased percentage of GDM cases. 
Surprisingly, both smoking and living in urban areas 
showed no significant difference between the two groups, 
which could be evidently explained on the basis of cul- 
tural effects, where smoking is not culturally acceptable 
for women in Saudi Arabia, and on the basis of high 
socioeconomic status that has eliminated the difference 
between urban and rural areas in the Kingdom. 

Consistent with many studies 27 and as expected, the 
prevalence of preconception diabetes, known GDM and 



newly discovered GDM cases showed a significant 
increase with age, peaking at age more than 40 years. 
This could be explained by the effect of age progression 
and muliparity in our society. 23 The ratio of the previ- 
ously known to newly discovered GDM cases decreased 
with the progression of age, which could be explained 
by the fact that older women were subjected to screen- 
ing more than younger women as also observed by 
other researchers. 27 

This study also shows that, history of GDM increased 
the risk for GDM significantly, which was found to be 
much lower than what had been observed in the studies 
involving Persian, Indian and Caucasian populations, 21 26 
which could be an effect of the nature of the study 
sample, with our sample being community based and 
the rest being hospital based. History of macrosomia was 
the second risk factor found to increase GDM cases in 
the Saudi pregnant women, close to what had been 
reported in other ethnicities. 21 28 Obesity and being 
more than 30 years of age, known to be important risk 
factors for diabetes in general, significantly increased 
the risk for GDM, as reported earlier in many ethnici- 
ties. 20 23 Hypertension, low HDL, family history of dia- 
betes and high triglycerides were all found to be 
non-significant risk factors for GDM in this study. 
Hypertension and low HDL increased the risk for devel- 
oping GDM in this population but not to a significant 
level similar to the Caucasians, 23 while positive family 
history of diabetes had a minimal non-significant 
increase, which could have resulted from high consan- 
guinity rates and family history of diabetes in the 
general population. 25 Although high triglyceride was 
known to be a risk factor for GDM, 23 this study showed 
no effect of this risk factor, which could be due to the 
high mean triglycerides in normal and GDM cases. 

This study derives strength from being a community- 
based household survey representing a normal distribu- 
tion cohort that was randomly selected. One of the 
limitations of this study was the use of FPG which was 
found to have lower sensitivity when compared with the 
oral glucose tolerance test, 29 although it has been 
recently recommended by the ADA for GDM screen- 
ing. 12 Another limitation of this study was the exclusion 
of pregnancy by history alone, which may have excluded 
some pregnant women in their early pregnancy in add- 
ition to the lack of obstetrical and diet history. Although 
this study involved special ethnicity, the results could be 
generalised at an international level, especially when 
looking at risk factors. 

CONCLUSIONS 

Around 40% of Saudi pregnant women suffer from 
either pre-existing diabetes or GDM secondary to the 
increased prevalence of its risk factors in this society. A 
limited number of GDM cases are picked up by the 
health system indicating the weak antenatal screening 
and thereby warranting an extensive public and medical 



Al-Rubeaan K, etal. BMJ Open 2014;4:e005906. doi:1 0.1 1 36/bmjopen-201 4-005906 



5 



Open Access 



staff education. The GDM risk factors that are significant 
in this society include: history of GDM and macrosomic 
baby, obesity and age more than 30 years that should be 
considered for early screening of pregnant women. 
Public awareness programmes for reducing modifiable 
risk factors like obesity would contribute to decreasing 
the prevalence of GDM and prenatal mortality. 
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